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1. Research Motivation  
Discharge, dispersal and germination of spores are three important things for 
fungal to producing the new generation.  Ganoderma applanatum is a perennial fungus 
with a thick outer-wall of spore.  This fungus often found on dead hardwood, but also on a 
weak or wound parasite, commonly on Fagus (beech), Acer (maple), Tilia (linden), 
Fraxinus (ash), Populus (poplar), Quercus (oak), Salix (willow), more rarely on conifers.  It 
is easy to recognize this fungus in the field. Overall fruit body form, very similar to G. 
adspersum but pore surface features and spore size differs. The frequently, we also found 
insect-gall on the pore surface. (Breitenbach and Kränzlin 1986; Buczacki 1989).    
Ganoderma discharge spore with the extremely refined mechanics of fruits body. 
Ganoderma has tube may ultimately around 5 cm long but only 0.1 or 0.2 mm in diameter. 
Spores are driven with such accuracy to the center of this tube and fall vertically 
downwards them with precision so that very little stuck on the side but the rain fell in a 
continuous stream at a rate of several million minutes for 24 hours a day and more than six 
months a year (Buczacki, 1989). 
Many studies discuss the role of insect in helping to the dispersal of the fungal 
spores. (Buczacki, 1989).  Ganoderma sp, one of the fungi species, mutually interacts with 
some insects.  Tuno (1999) found M. oldenburg has been used by G. applanatum as media 
for spore dispersal.   As well as seeds, not all spores were able to germinate immediately.  
As one of the basidiospores, Ganoderma sp. often remains either dormant spore or, if the 
spores germinate; it was very slowly or at an extremely low rate (Fries 1966 in Lim 1977).   
Particularly for G. applanatum, wood-decay fungus, is one of the most common 
species in warm temperate Japan and yields abundant spores those rarely germinate.  
Ganoderma sp. is one of the fungi species that have mutually interacts with some insects.  
This study will explore the production and dispersal of Basidiospore of G. applanatum.   
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2. Characteristics of Ganoderma applanatum (Ganodermataceae, 
Basidiomycota) in releasing spores 
 
We studied sporocarps of G. applanatum (Ganodermataceae) in two study sites of 
Kanazawa City, Ishikawa Prefecture, western middle of Japan.  The first site is in the city 
center (36°56'N, 136°66’E) and is called as town hereafter.  The second site is located in 
the Kakuma campus of Kanazawa University (36°55'N, 136°71’E) and is called as Kakuma 
hereafter. In town, we studied six out of 10 sporocarps found in both of 2012 and 2013 (T1, 
T2, T3, T4, T5, T6, and t7).  In Kakuma, we did five out of six found in 2012 and four out 
of four in 2013 (K1, K2, K3, K4, K5, K6). 
During the observation, all sporocarp was still alive.  It is characterized by the 
white to cream color of pore surface; sporocarp still releasing spore (except sporocarp on 
T4 and T5) and the presence of insect activity on the sporocarp (hymenophore with insect 
and insect gall) (Breitenbach and Kränzlin 1986).  In the end of observation (the end of 
October until early November 2013) sporocarp on T4 and T5 began to decay. 
The spore’s production released from sporocarp of Ganoderma applanatum sensu lato 
The released spore density and abundance per sporocarps in 2012 and 2013 is 
shown in Fig. 1.  In 2012 (Fig. 1A. and B.) for the study site in the town, T3 released the 
highest average amount of spore per cm2 (111 mg/cm
2
) and also the highest average 
amount of spore per sporocarp (4592 mg/sporocarp).  T5 released the lower average 
amount of spore per cm
2
 (36 mg/cm
2
) and also the lower average amount of spore per 
sporocarp (491 mg/sporocarp).  The study site in Kakuma, K4 released the highest average 
amount of spore per cm
2
 (250 mg/cm
2
), and K5 released the highest average amount of 
spore per sporocarp (4881 mg/sporocarp).  K3 released the lower average amount of spore 
per cm
2 
(33 mg/cm
2
) and also the lower average amount of spore per sporocarp (186 
mg/sporocarp).  Two sporocarps never release spores during the observations were made 
(T4 and T6), both located in the town. The locations give significant difference to the 
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amount spores released by sporocarp in 2012 (Kruskal-Wallis Tests; per cm
2
: 2 = 167.01, 
d.f = 10, P< 0.0001; per sporocarp: 2 = 171.67, d.f = 10, P< 0.0001).   
 
Fig. 1    The released spore density (A and C) and abundance per sporocarps (B and D) in 
2012 and 2013. 
 
Change of spore size and wall thickness among sporocarp Ganoderma applanatum  
Sporocarp discharged spores in a different size (outer and inner) and wall 
thickness.  At the time of a sporocarps release spores, sporocarps will release spores in 
various sizes and wall thickness.  However, this does not apply to all sporocarps.  Several 
sporocarps release spores with sizes and wall thickness that do not differ significantly. 
 
The relationships between spore size and spore abundance at sporocarp of Ganoderma 
applanatum 
There is no relationship between spore abundance and spore size (2012: ANOVA, 
F=1.74, P=0.19; 2013: ANOVA, F=1.66, P=0.2).  When sporocarp was released spores in 
large numbers, spores size are not always large or small. 
2012 
2013 
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Influence of environmental variables on spore abundance at the sporocarp of 
Ganoderma applanatum 
All the environmental variables except height of sporocarp above ground showed 
the positive correlations with spore release in general-linear model analyses.  The 
temperature had influence significantly to release of spore abundance in 2012 and 2013 
(2012: ANOVA, F=12.57, P<.001; 2013: ANOVA, F=17.36, P<.0001).  Relative humidity 
has influence significantly to release of spore abundance in 2013 (ANOVA, F=4.86, P<.05).  
The height of sporocarp above ground showed negative correlations with the release of 
spore density in general linear model analyses, but it has influence significantly to release 
of spores density in 2012 and 2013  (2012: ANOVA, F=23.92, P<.0001; 2013: ANOVA, 
F=26.63, P<.0001).  Sporocarp size showed the positive correlations with spore release in 
general linear model analyses in 2013.  Sporocarp size has influence significantly to spores 
release in 2012 and 2013 (2012: ANOVA, F=45.67, P<.0001; 2013: ANOVA, F=139.04, 
P<.0001).   
   
Germination rate of spore Ganoderma applanatum 
Spores were first released by sporocarp be used as material for spore germination 
test.  Spores were taken from four locations: T2, K3, K4 and K5. The spores have 
germinated in conditions of 25 and 27C. 
Insects have a role in spores dispersal. One method of spore dispersal by insects is 
by consuming the spores and removes it in the form of feces.  There are times when spores 
contained in the insect feces are still in good condition (intact), but some are in broken 
condition. Germination spores test are done at insect feces.  We used some beetle for 
collection their feces. From six feces of beetles were tested, only spores contain in feces of 
Dance picta were successfully germinated. These spores germinate on the fourth day after 
inoculation under conditions of 25C 
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3. Insect assembly gathering on sporocarps of Ganoderma applanatum 
(Ganodermataceae, Basidiomycota) 
 
 
There are several reasons why insects are found in sporocarp Ganoderma.  First, 
these insects were visiting in sporocarp to feeding spores, which produce by Ganoderma.   
Second, the insects are not feeding spore but just visiting.  Third, these insects are predators, 
the aim of insect to visiting sporocarp is prey other insects in the sporocarp. Finally, the 
insects make sporocarp as a host.  
In total 963 (Kakuma: 362 in 2012 and 200 in 2013, Town: 135 in 2012 and 266 in 
2013) insects gathering on 13 sporocarps G. applanatum were collected. We collected 
seven orders of insect in 2012 and five Orders in 2013. Coleoptera and Diptera were 
dominating in number  
Not all sporocarp visited by same insects; there are some species of insects found 
to be present in some sporocarp, such as family Scaphidiidae (Coleoptera), and family 
Drosophilidae (Diptera). 
We found eight families of Coleoptera and one family of Diptera, which is the 
most dominant family present on sporocarp over the observation in 2012 and 2013. 
However, the frequency of their presence is not same between 2012 and 2013. There are 
several families were present in 2012 and not in 2013, or vice versa 
S. japonicum is the most commonly insects found visiting sporocarp either in 
Kakuma or in town.  However, S. japonicum is not known whether it has a noticeable effect 
on the spread of spores. M. gratiosa is the species with the highest individual detected 
consume Ganoderma spores.  
Thirteen out of 20 species of the dominant families of Coleoptera make spores as 
feeding habits.  Meanwhile, all Mycodrosophila flies make spores as feeding habits.  One to 
19.38 percent of the presence spores (100 spores counted) found in feces of Coleoptera 
(dominant family) is a broken condition. Meanwhile for Mycodrosophila flies, 0.22 to 4.15 
percent of spores (100 spores counted) found in feces is a broken condition.  
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Seasonal change also affects the number of insects that visit on each sporocarp.  
There are certain months in which number of insects present in sporocarp higher than other 
months.  The decrease or increase number of insect may be due to environmental 
conditions (such as temperature, humidity, seasonal change, location of sporocarp).  If 
environmental conditions during the observation do not support, it will influence the 
presence of insects. 
 
Fig. 2  Spore discharging periode (line) and insect catch (bar) are showhn for respective 
sporocarps in 2012 (A: Town, B:   Kakuma) and 2013 (C: Town, D:   Kakuma) 
 
We also observed the effect of spores production and spore size released by 
sporocarp with the number of insects are present at that time.  The spores release (Presence 
and absence of spores) from sporocarp affect the insect visits on sporocarp.  The number of 
insect individual captured from sporocarp did not affect the size of spores (Fig. 2). 
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4. Conclusion 
Most of insects gathering on sporocarps are exclusively feeding on in spores and 
more than half of spores appeared intact in their feces. A variety of insects may be involved 
in the spore dispersal. Spore feeding insects may help the fungi from spores attaching to the 
hymenial surface by feeding and cleaning on the pore surfaces.  Digestion of spores by D. 
picta did not retard nor promote germination rate. It was observed in Mycodrosophila flies 
as well (Shimotoku and Tuno unpubl. Data). It was taken that insect’ digestion did not 
break spore dormancy. Only Mycodrosophila shows positive relation with spore size that 
may relate to that they consume the coating material of spores. The bigger spore could be 
netter food for them. While beetles destroy wall of spores to consume protoplasms.  Spore 
size varied in time and in different sporocarps. The difference was not categorical but was 
more continuous. The survival and dispersal strategy of G. applanatum can be variable even 
within a genet according to its substantial spore size variation. 
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